1. Three series of nitrogen balance experiments were performed with growing rats to test the effect of amino acid imbalance on protein utilization. In Expt 1 egg protein was fed as a basal diet and supplemented with one amino acid at a time in the amounts originally found in egg protein. In Expt 2 the procedure was repeated with a barley diet, and in Expt 3 egg and potato proteins were fed together in various combinations.
Since amino acids in general enter into a variety of alternative metabolic pathways it has been widely assumed that any surplus ingested and not subsequently used for protein synthesis exerts no adverse effects. However, nowadays there is a great tendency to appreciate the importance of the over-all amino acid balance in determining protein quality and the fact that ideal foods should not merely contain adequate quantities of each of the amino acids but also the importance of avoiding excess when ever possible.
When amino acid imbalance is produced in chicks, appetite i s adversely affected but the mechanism by which the altered amino acid pattern affects the appetite-regulating centre is not yet understood (Harper et al. 1970; Woodham & Deans, 1977) . Experiments along these lines have been performed with chickens and have supported the hypothesis that diets formulated to minimize excess of amino acids over the chicks' known requirements would improve the efficiency of protein and energy utilization especially when birds were under stress (Waldroup et al. 1976 ). The removal of amino acid deficiencies alone is not sufficient to ensure that a given mixture of proteins produces optimum performance in growing chickens. In some instances the relative proportions of essential amino acids may be of greater significance than the absolute amounts because of the complex relationship between amino acids (Brewer et al. 1978) . However, according to Harper (1974) animals receiving diets that meet their requirements for all amino acids tolerate substantial amounts of imbalanced amino acid mixtures without showing ill effects. Therefore, disproportionate amounts of amino acids encountered naturally in foods should not commonly result in adverse effects. Adverse effects observed experimentally are usually severe only when the protein content of the diet is low or the disproportion is very great. On the other hand the work of Kofrinyi & Jekat (1964) which is further discussed by Kofranyi (1972) , clearly demonstrates that there exists a distinct minimum for protein requirement of young men when a certain combination of two protein sources is fed.
The present work was planned to study the effect of an induced excess of a single amino acid on nitrogen retention in growing rats. Furthermore, two protein sources, egg and potatoes, were eombined in various proportions to test the hypothesis of whether there exists a distinct optimum combination of these two protein sources for fast growing rats.
E X P E R I M E N T A L

Diets
Two protein sources of different protein quality, freeze-dried and diethyl etherextracted egg protein and barley (Expts 1 and 2 respectively) were used to study the effect'of amino acid excess on protein utilization. Each of the individual eighteen amino acids were added to the diets, one at a time, in a concentration corresponding to the amounts in the respective proteins, i.e. a 100% increase. In a third Expt eleven combinations of egg and potato proteins were fed. Eggs were freeze-dried and diethyl ether-extracted before use and potatoes were boiled, skinned and freeze-dried before being made into flour. The total dietary protein level (N x 6.25) was fixed at 94 g/kg in order to keep protein as a limiting factor in the diets.
Animals and feeding
The experimental procedure has been described by Eggum (1973). Groups of five Wistar male rats weighing approximately 70 g were used in the experiments with preliminary periods of 4 d and balance periods of 5 d. There were eleven groups per experiment. Each animal received 150 mg N and 10 g dry matter (DM) daily throughout the preliminary and the balance periods. The N content was adjusted by using an N-free mixture composed mainly of autoclaved potato starch, sucrose, oil, cellulose powder, vitamin and mineral mixtures. 
Statistical analyses
The results from the imbalance experiments were tested for differences in means by one-way analyses of variance according to the 'following model:
Where i, number of treatments 1-a (a = 19); j , number of replicates 1- n, number of replicates (i.e. 5).
For both protein sources the zero hypothesis was tested Ho: ,uf = plo and the alternative hypothesis H,:p, = plo. The t values at P < 0.05 (2.96) and P < 0.01 (3-54) levels were identified according to tables by Dunnett (1 964) for multiple comparisons with a control group.
The true protein digestibility (TD) of the combinations of egg and potato proteins (Expt 3) were analysed after the linear model: 
RESULTS
The amino acid composition of each protein, together with the relative BV are presented in Table 1 . The Table also gives the results of the statistical analyses of the BV obtained when the concentration of the single amino acid was doubled in egg and barley protein.
Expt 1. The effect of doubling the single amino acid concentration in egg protein A doubling of the concentration of the single amino acid in an egg-protein diet had in most instances only a marginal effect on protein utilization. Only in the instance of arginine was a distinct reduction obtained. BV decreased from 0.99 for egg protein alone to 0.92 when the arginine content was doubled. However, as differences in BV of 0.02 were statistically significant, several of the amino acid supplements had a significant negative effect on the BV. This was the situation for the branchedchain amino acids valine, isoleucine and leucine, the basic amino acids lysine and histidine, and tyrosine and cystine.
Expt 2. The eflect of doubling the single amino acid Concentration in barley protein
The utilization of barley protein was relatively more affected by dietary excess of amino acids than was the situation with egg protein. However, addition of the most limiting amino acid in barley protein, lysine, had a significant positive effect on the BV. Several of the other amino acids (especially those present in the highest concentration in barley protein) had a significantly negative effect on the BV when their content was doubled. This was most pronounced for glutamic acid and proline.
Expt 3 . Efect of various combinations of egg and potato proteins on protein utilization
From Table 2 it can be seen that the TD decreased linearly with increasing amounts of potato protein in the diets. There was a similar negative effect of potato protein on the relative BV. However, these values decreased curvilinearly ( Fig. 1) with increasing amounts of potato protein in the diets. work shows that a high-quality protein (egg) is much less affected by excess of a single amino acid than is a protein source of poorer quality (barley). Expt 1. When egg protein was used as a basal diet the results indicated that an antagonism was provoked by an amino acid excess, in which there was a reversal by a structurally-similar amino acid. Thus, leucine, isoleucine and valine all had a significant effect on BV. The antagonism between these three amino acids has been discussed by Harper (1964) . He showed that in a basal diet, adequate in amino acids, an excess of isoleucine and valine caused a growth depression in rats that was prevented by additional leucine even if leucine was not the limiting amino acid. Thus, Kamin & Handler (1952) found that isoleucine absorption from the intestine was depressed when administered together with leucine. A surplus of lysine, arginine and histidine, the basic amino acids, had a negative effect on protein utilization. Jones (1962) showed also that excess of lysine apparently increases the arginine requirement of the chick and that a similar effect can be demonstrated in the rat. Furthermore, Harper (1974) showed that an excess of tyrosine in rats fed a low-protein diet, can cause a specific toxic syndrome with histopathological changes in skin, pancreas, liver and testes. The nonessential amino acids, glutamic and aspartic acids, present in the highest concentrations had no adverse effect on BV. This is, as discussed by Bender (1961) , probably due to the fact that egg protein contains a relative excess of essential amino acids, some fraction of which is converted to nonkssential amino acids, without loss of BV.
Expt 2. In the bariey-based diet an excess of several of the dispensable amino acids apparently had a significant negative influence on protein utilization. However, the reason for the reduction in BV is assumed to be partly due to a dilution effect of the protein quality together with an antagonistic effect. This assumption is based on the fact that the amino available at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19810090 acids present in highest concentrations in barley protein (glutamic acid, proline) also had the highest negative effect on the BV. Lysine, the first limiting amino acid in barley protein, had, as expected, a positive effect on protein utilization. The explanation of the distinct adverse effect of excess arginine when barley protein is fed is probably the same as that discussed in relation to Expt 1. There exists an interaction between this amino acid and lysine (Kadirval er al. 1974 ).
The conclusion from Expts 1 and 2 is that protein utilization in growing rats can be affected by a 100% increase of a single amino acid in the diet, even with high protein quality (egg). This finding is in agreement with those made by Woodham & Deans (1977) and Brewer et al. (1978) with growing chicks. In other words, both the amounts and proportions of amino acids determine the effectiveness of dietary proteins in meeting the animal's needs. However, it should be stressed that in the present work the rats were fed under the optimum protein level for maximum growth. On the other hand, the amino acid additions were relatively low compared to the doses used by Harper (1974) . The question is whether the deviations from the ideal in the amino acid patterns of common food proteins were great enough to cause adverse effects. Expt 3 was performed in an attempt to illustrate this problem.
However, the results obtained with various combinations of egg and potato proteins did not support the findings of Kofranyi & Jekat (1964) and Kofrinyi (1972) that there is a distinct minimum for the protein requirement of young men at a certain combination of two protein sources. Kofranyi & Jekat (1964) and Kofranyi (1972) found, for example, that the most favourable mixture of egg and potato proteins is 36:64, whereas we found a curvilinear decrease in BV with increasing concentrations of potato protein in the diets. In other words, no combinations of egg and potato proteins gave a better utilization than egg protein alone. However, it must be stressed that in the present work fast growing rats were used, i.e. the protein quality was tested at maintenance and growth whereas the German workers used young adults and tested for minimum protein requirement.
The discussion of amino acid requirements and nutritive values of dietary proteins has indicated that the pattern of amino acid required for growth may differ from that required for maintenance. Mitchell & Beadles (1950) demonstrated that relatively small amounts of lysine are required for maintenance in the rat compared with the amounts needed for growth. Based on this assumption egg protein, rich in methionine, should also be more ideal at maintenance level than potato protein being very low in methionine.
